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ABSTRACT 
 
 This thesis reports thermal nanotopography sensing with an atomic force microscope 
using a high-resistivity (HR) heated cantilever and a previously studied low-resistivity (LR) 
heated cantilever, with respective heater doping concentrations of 1x1016 cm-3 and 3x1017 cm-3. 
The HR cantilever temperature sensitivity on a 100 nm tall silicon grating improves by more 
than two times compared to the LR cantilever sensitivity in the range 100ºC – 300ºC. The HR 
cantilever achieves a sensitivity of 0.37 mV/nm at 300 ºC, compared to 0.15 mV/nm using the 
LR cantilever. The higher sensitivity can be attributed to the temperature coefficient of resistance 
of the HR cantilever having a value of 0.102 C-1, a 13X increase over the LR cantilever value of 
0.008 C-1. The HR cantilever is shown to be better-suited than the LR cantilever for potential 
metrology applications, by thermally imaging a temperature-sensitive material, a 110 nm tall 
photoresist grating (AZ1518). 
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CHAPTER 1: INTRODUCTION 
 
 
Micromachined cantilevers with sharp tips have been used for atomic force microscopy 
(AFM) topography imaging [1]. The AFM cantilever deflects when it scans over a vertical feature, 
and the substrate topography is mapped by measuring changes in the cantilever deflection. The 
most common deflection sensing technique is to use a laser-photo-detector setup [2]. An 
alternative topography mapping technique is to track changes in the thermal conductance from the 
cantilever to the substrate using cantilevers with integrated resistive heaters fabricated via selective 
external doping [3–7]. Previous work has predicted that decreasing the heater doping concentration 
would improve thermal imaging performance at low temperatures [6]. Thermal imaging at lower 
temperatures is important when performing non-invasive metrology on temperature-sensitive 
materials [8]. The advantage of thermal imaging over the laser-photo-detector setup is that it can 
be more easily integrated into an array of cantilevers. An array significantly increases the scan size 
and scan speed compared to using a single cantilever [7,9]. 
One of the main metrics for quantifying thermal imaging performance is vertical 
displacement sensitivity. Decreasing the dopant concentration in single-crystal silicon increases 
the material’s electrical resistivity. Decreasing the dopant concentration in the heater region of a 
heated cantilever results in an increase in the temperature coefficient of resistance (TCR) of the 
cantilever. A larger TCR results in a greater change in the cantilever electrical resistance for a 
given temperature change. Consequently, the TCR directly affects thermal topography sensitivity 
[6]. The low-resistivity (LR) heated cantilever, which has a heater doping concentration of 3x1017 
cm-3, has been studied extensively and applied to nanomanufacturing and metrology [3,4,10–12]. 
2 
 
This thesis reports the design, fabrication, and thermal imaging results of a high-resistivity 
(HR) cantilever, which has a heater doping concentration of 1x1016 cm-3, and how its thermal 
imaging performance is superior to that of the LR cantilever at temperatures below 300 ºC. The 
LR cantilever and HR cantilever have a room temperature electrical resistivity of 0.04 Ω-cm and 
0.53 Ω-cm, respectively. For a 100 nm tall silicon grating, the HR cantilever achieves more than 
a 2X improvement in sensitivity compared to the LR cantilever in the range 100 ºC – 300 ºC.  
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CHAPTER 2: CANTILEVER DESIGN AND FABRICATION 
 
 
Figure 1 shows a schematic and a scanning electron microscope image of the cantilever 
studied here. The 1 µm thick silicon cantilever consists of a low-doped heater region and high-
doped legs. The tip is 1 µm tall and has a radius of curvature of 20 nm. When current is passed 
through the cantilever, the heater region dissipates more than 95% of the power resulting in an 
increase in the cantilever free-end temperature.  
A finite-element model was developed using COMSOL to better understand the electrical 
and thermal behavior of cantilevers with different doping concentrations. The input parameters of 
the model include the three-dimensional geometry, the temperature-dependent material properties 
of the cantilever, and the voltage applied across the cantilever. The heat sink was a 10 µm thick 
silicon substrate located 1 µm below the cantilever. The simulation evaluated the heater 
temperature, the power dissipated by the cantilever, and the cantilever electrical resistance for a 
given heating voltage. The 1x1016 cm-3 heater doping concentration is a compromise between 
having a high enough TCR to attain a significant increase in sensitivity while not requiring a 
substantial amount of power to heat. Figure 2(a, b) shows an example of the simulation, with an 
applied voltage of 10 V across the cantilever, at 200ºC. 
Figure 3 shows the batch fabrication process for the heated cantilevers. The cantilever 
fabrication started with a 4-inch n-type silicon-on-insulator (SOI) wafer of <100> crystallographic 
orientation. The SOI wafer had a device layer thickness of 5 µm, a buried oxide layer thickness of 
1 µm, and a device layer thickness of 500 µm. The tip, cantilever structure, and anchor were formed 
via deep-reactive ion etching (DRIE). The tips were formed via a HNA (hydrofluoric acid, nitric 
acid, acetic acid) isotropic wet etch, and sharpened through dry oxidation. The cantilever was 
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electrically activated by doping the heater region to 1x1016 cm-3 and the legs to 1x1020 cm-3. The 
doping technique involves ion implantation, followed by thermal diffusion of the dopants. The 
parameters of the doping procedure were determined using a doping process simulation software, 
Sentaurus TCAD. Figure 4 shows the difference in doping profiles between the LR and HR 
cantilevers. Electrical contacts were formed by sputtering 10 nm of chromium and 250 nm of gold. 
The cantilever was released via the DRIE through the backside of the wafer followed by sacrificial 
etching of the silicon dioxide layer using hydrofluoric acid.  
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Figure 1.  (a) Isometric view of the cantilever. (b) Top view of the cantilever end with low-doped silicon 
heater region. (c) Scanning electron microscope image of the cantilever with the integrated resistive 
heater. 
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Figure 2.  COMSOL model of the HR cantilever with an applied voltage of 10 V. (a) Isometric view. (b) 
2D slice of heater region.  
 
 
 
 
Figure 3.  Fabrication process for a cantilever with integrated resistive heater. Fabrication starts with a 
silicon-on-insulator wafer. (a) Anchor and cantilever formation with inductively coupled plasma (ICP) 
deep reactive ion etching (DRIE). (b) Low dosage and high dosage phosphorus implantation. (c) 
Electrical contact formation using 250 nm-thick gold deposition and etching. (d) Backside ICP-DRIE of a 
500 µm-thick silicon handle layer followed by removing the sacrificial oxide layer using a hydrofluoric 
acid solution. 
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Figure 4.  Doping concentration profile of the LR cantilever and the HR cantilever. 
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CHAPTER 3: CANTILEVER CHARACTERIZATION 
 
 
The fabricated cantilever was measured to have a stiffness of 1.3 N/m and a resonant 
frequency 78 kHz using a commercial AFM system, Asylum Research MFP-3D [10]. The 
cantilever steady temperature was measured by determining the Stokes peak shift, using a Renishaw 
InVia Raman spectroscope with a 488 nm argon laser [10,13]. The electrical characterization 
involved operating the cantilever in series with a current-limiting sense resistor of equal electrical 
resistance to the cantilever at room temperature, which is typical of thermal imaging operation [8]. 
Figure 5(a, b) show the cantilever current and the cantilever electrical resistance as a function of 
cantilever voltage for the LR and HR cantilevers. Figure 5(c, d) show the cantilever electrical 
resistance and the cantilever steady temperature as a function of cantilever power for both 
cantilevers. Despite the differences in the electrical characteristics of the two cantilevers, the 
thermal conductivity of the cantilevers vary only by about 5%, resulting in similar heat flow 
characteristics [14]. Thus, the two cantilevers have a similar time constant of 300 µsec. While the 
HR cantilever dissipates the same amount of power as the LR cantilever for a given cantilever 
temperature, more power is required to operate the HR cantilever circuit due to the larger resistance 
of the sense resistor.  
Figure 6(a) shows cantilever electrical resistance as a function of cantilever temperature for 
the LR and HR cantilevers. The cantilever electrical resistance increases with temperature until a 
maximum, known as the thermal runaway point, and then decreases. When the cantilever 
temperature is above the thermal runaway point, the intrinsic carrier concentration exceeds the 
dopant carrier concentration, which causes a positive-feedback cycle that produces larger current 
and an increase in temperature [15]. The thermal runaway of the HR cantilever occurs near 350°C, 
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compared to 550°C for the LR cantilever. The HR cantilever used in this experiment has a room-
temperature electrical resistance of 16 kΩ, which is relatively close to the prediction of 12 kΩ from 
the simulation. The difference can be attributed to the variation in the thickness of the fabricated 
cantilevers. Furthermore, the simulation assumes that the heater region has a uniform dopant 
concentration of 1x1016 cm-3, whereas the actual dopant concentration varies non-linearly through 
the cantilever thickness due to limitations of the fabrication process.  
Figure 6(b) shows the TCR as a function of temperature for the LR and HR cantilevers. The 
HR cantilever has a TCR of 0.102 C-1, and the LR cantilever has a TCR of 0.008 C-1. The simulation 
estimated the TCR of the HR cantilever to be 0.0933 C-1, which is 8% lower than the experimental 
value. The TCR of the HR cantilever is 13X larger than the TCR of the LR cantilever, which 
predicts an improvement in thermal topography sensitivity.  
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Figure 5. Electrical characterization of the LR cantilever and the HR cantilever. (a) Cantilever current 
and (b) cantilever electrical resistance as a function of cantilever voltage.  (c) Cantilever electrical 
resistance and (d) cantilever steady temperature as a function of cantilever power. 
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Figure 6. Electro-thermal characterization of the LR cantilever and the HR cantilever. (a) Cantilever 
electrical resistance as a function of cantilever temperature and (b) calculated temperature coefficient of 
resistance (TCR) of the cantilever as a function of cantilever temperature. 
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CHAPTER 4: THERMAL IMAGING 
 
 
Figure 7(a) shows the principle of thermal topography sensing. The majority of the heat 
generated in the heater region flows into the substrate through the air via conduction. The cantilever 
heat flow decreases when the cantilever traces a topography feature that moves the cantilever away 
from the substrate and increases when the cantilever is closer to the substrate [3]. The cantilever 
temperature was held constant by controlling cantilever electrical resistance in this experiment. The 
power required to maintain constant cantilever temperature increases when the cantilever is closer 
to the substrate, which in turn increases the voltage across the cantilever. The substrate topography 
is mapped by tracking changes in the cantilever voltage [11]. The performance of heated cantilevers 
for thermal imaging is characterized by topography sensitivity and vertical resolution [8]. The 
sensitivity is defined as the change in cantilever voltage per nanometer change in topography height. 
The resolution is the smallest detectable change in topography and is calculated as the thermal 
signal noise divided by the sensitivity.  
Figure 7(b) shows the experimental setup used for thermal topography imaging. The LR 
and HR cantilevers acquired the thermal topography images of a 100 nm tall silicon grating and a 
110 nm photoresist grating (AZ1518) from both the laser-deflection signal and the thermal signal. 
The cantilevers scanned in contact mode at a lateral scan speed of 15 µm/sec while collecting 1984 
data points for each line of the scan. The AFM controller in conjunction with a high speed amplifier 
supplies the voltage, VT, to the heating circuit which consists of the cantilever, RC, in series with the 
sense resistor, RS. A 20 kΩ sense resistor was used with the HR cantilever and a 2 kΩ sense resistor 
was used with the LR cantilever. The cantilever electrical resistance is used as the temperature set-
point, and is maintained constant via a negative feedback loop implemented within the AFM 
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controller [11,16]. VS is measured by the AFM controller while scanning and is converted to the 
voltage across the cantilever, VC, which is also the thermal topography signal, using VC = RC/RS*VS 
[11]. The sensitivity and resolution of the two cantilevers were compared for each grating. For the 
photoresist grating, a height scan was acquired before and after thermal imaging to determine the 
amount of damage to the photoresist during the thermal imaging. 
 
 
Figure 7. Thermal topography imaging theory and experimental setup. (a) The topography of the 
substrate is mapped by tracking changes in thermal conductance from the cantilever to the substrate. (b) 
The schematic of the experiment. The resistance of the cantilever is fixed at a constant setpoint. While the 
cantilever scans the substrate, the AFM controller reads the sense voltage, Vs and changes the applied 
voltage VT to hold the resistance constant. 
  
14 
 
CHAPTER 5: RESULTS AND DISCUSSION 
 
 
 Figure 8(a) shows a topography image of a 100 nm tall silicon grating obtained using the 
laser-photodetector method. Figure 8(b, c) show thermal topography scans of the grating at 100 °C 
and 300 °C using the LR and HR cantilevers. The raw thermal topography image is an inversion of 
the actual topography since VC increases as the cantilever comes closer to the substrate. The figures 
show inverted thermal topography signals that match the actual topography of the grating. 
Compared to the LR cantilever, the HR cantilever produces a much higher ΔVc signal, which 
translates to also producing higher topography sensitivity.  
Figure 9(a, b) show the measured nanotopography sensitivity as a function of cantilever 
temperature and as a function of cantilever power for the 100 nm tall silicon grating using the LR 
and HR cantilevers. As expected, the sensitivity increases with temperature and cantilever heating 
power [3,4]. At lower temperatures, the HR cantilever produces higher sensitivity compared to the 
LR cantilever, which agrees with the mathematical prediction [6]. At both 100ºC and 300ºC, the 
HR cantilever sensitivity is at least twice as large as that of the LR cantilever. The higher sensitivity 
can be attributed to the TCR of the HR cantilever increasing by 13X over the TCR of the LR 
cantilever. 
 Figure 10(a) shows a topography image of a 110 nm tall photoresist grating obtained using 
the laser-photodetector method. Figure 10(b, c) show thermal topography scans of the grating at 
100°C using the LR and HR cantilevers. The HR cantilever shows a sensitivity of 0.20 mV/nm 
compared to the LR cantilever signal of 0.12 mV/nm. The height scans generated before and after 
the thermal imaging show no photoresist damage during the thermal imaging. The photoresist 
becomes slightly damaged at 200ºC, while it completely deteriorates at 300ºC. Compared to the 
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LR cantilever, the HR cantilever can generate higher resolution thermal scans of thermally 
sensitive samples without damaging them.  
 Table 1 shows a comparison of sensitivity and resolution between the LR cantilever and 
the HR cantilever at 100ºC and 300ºC [17]. The HR cantilever offers better vertical resolution 
compared to the LR cantilever because it produces a much higher ΔVc signal. The noise component 
of the resolution calculation is similar for the two cantilevers. The equipment noise, which is the 
statistical uncertainty in the acquired cantilever voltage signal produced by the system components, 
dominates over the inherent noise of the cantilevers [11]. The inherent noise is due to the Johnson 
noise and 1/f noise [17]. Further decrease in heater doping concentration would lower the 
cantilever’s thermal runaway point, or maximum operating temperature. Furthermore, more power 
would be required to operate the heating circuit due to the increased electrical resistances of the 
cantilever and the corresponding sense resistor. 
The HR cantilever would perform better compared to the LR cantilever for large-scale 
metrology applications such as micro-scale and nano-scale product quality control. The heated 
cantilever was originally developed for high density data storage by thermomechanical writing and 
reading of a thin polymer film [9]. A limitation of the HR cantilever is that it cannot be operated 
beyond 350ºC, which precludes it from being used in high-temperature applications, such as 
forming indentations on a polymer substrate.  An optimization of the write-read technique would 
be to arrange the LR cantilever and the HR cantilever in an alternating order in an array, and 
simultaneously complete the reading and writing in one scan. The LR cantilever would write a line, 
followed by the array’s lateral movement to the adjacent HR cantilever for reading, while the former 
LR cantilever writes again. Although this technique can be completed with an array of LR 
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cantilevers, it is more advantageous to use the HR cantilever to read since it generates better thermal 
imaging results and the reading does not occur at elevated temperatures. 
 
Table 1.Sensitivity and Resolution comparison between the LR cantilever and the HR cantilever 
for a 100 nm tall silicon grating and a 110 nm tall photoresist grating. 
   LR Cantilever   HR Cantilever 
 100°C 300°C 100°C 300°C 
Silicon Grating     
          Sensitivity (mV/nm) 0.08 0.15 0.16 0.37 
          Resolution (nm)           21 10 12 5 
Photoresist Grating     
          Sensitivity (mV/nm) 0.13 - 0.20 - 
          Resolution (nm) 23 - 12 - 
 
 
 
17 
 
 
Figure 8. Thermal topography sensing of a 100 nm tall silicon grating. (a) Laser-deflection generated 
topography image. Thermal-sensing generated topography image at 100°C and 300°C using the (b) LR 
cantilever and the (c) HR cantilever. 
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Figure 9. Thermal topography sensitivity measurements of the LR and HR cantilevers as a function of (a) 
cantilever temperature and (b) cantilever power. 
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Figure 10. (a) Laser-deflection-based topography image of a 110 nm tall photoresist grating (AZ1518). 
Height scans and three-dimensional thermal topography images at 100°C using the (b) LR cantilever and 
the (c) HR cantilever. The height scan before the thermal imaging, shown in black, is the same as the 
height scan after the thermal imaging, shown in red, demonstrating no damage to the photoresist during 
imaging. 
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CHAPTER 6: CONCLUSIONS 
 
 
This thesis reports the design, fabrication, and characterization of a high resistivity heated 
cantilever for improved thermal nanotopography sensing. The high resistivity (HR) cantilever has 
a heater doping concentration of 1x1016 cm-3 as opposed to 3x1017 cm-3 in the conventional low 
resistivity (LR) heated cantilevers. The thermal topography sensitivity of the HR cantilever is 2X 
larger than the LR cantilever sensitivity in the range 100 ºC – 300 ºC on a 100 nm tall silicon 
grating. The LR and HR cantilevers imaged a 110 nm tall photoresist grating (AZ1518) at 100 C 
without damaging the photoresist. However, the HR cantilever results in thermal topography scans 
with better sensitivity and resolution compared to the LR cantilever. The HR cantilever is well 
suited for imaging thermally sensitive samples at low temperatures and can be scaled to large 
cantilever arrays for high speed, large area metrology for micro-fabrication quality control 
applications. 
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APPENDIX A 
 
 
Sentaurus TCAD Code 
 
line x location=0.0     spacing=  1<nm> tag=SiTop        
line x location= 10<nm> spacing=  2<nm>                  
line x location= 50<nm> spacing= 10<nm>                   
line x location=300<nm> spacing= 20<nm>                   
line x location=0.5<um> spacing= 50<nm>                   
line x location=2.0<um> spacing=0.2<um> tag=SiBottom  
 
region Silicon xlo=SiTop xhi=SiBottom  
init concentration=1.0e15<cm-3> field=Phosphorus  
mgoals min.normal.size=3<nm> max.lateral.size=0.2<um> normal.growth.ratio=1.4 
 
gas_flow name=O2_1_N2_1 pressure=1<atm> flowO2=1.2<l/min> flowN2=1.0<l/min> 
diffuse temperature=900<C> time=40<min> gas_flow=O2_1_N2_1 
select z=1 
layers 
 
implant Phosphorus energy=200<keV> dose=9.7E11<cm-2> tilt=7<degree> rotation=0<degree> 
 
SetPlxList { PTotal } 
WritePlx noannealHRcantilever.plx 
 
diffuse temperature=1000<C> time=180<min> 
strip Oxide 
 
SetPlxList { PTotal} 
WritePlx HRcantilever.plx 
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APPENDIX B 
 
 
Fabrication Process 
 
0. Wafer Material 
Wafer specification: SOI Wafer <100>, Diameter: 100 mm (or 4 inch) 
Device layer thickness: 5 0.5 m , Resistivity: 1-10 Ohm*Cm, Doping: N/Ph 
Handle thickness: 500 µm, Handle Resistivity: 1-10 Ohm*Cm, Doping: N/Ph 
Box layer thickness: 1 µm 
 
Dehydration bake: temperature >120°C, time > 5min  
Spin deceleration: less than 1000rpm/sec 
 
1. Tip formation 
 
1.1 Spin Photoresist (NR7-1500P) 
Equipment: Spinner 3.2.1 
Recipe: dehydration bake 
Spin NR7-1500P – 5000rpm for 40sec (acceleration 1000rpm/sec) 
Softbake: hotplate 150 °C, 105 sec with Al ring 
Thickness = ~1.5 µm 
 
1.2 Photolithography of Mask #1 (2.7 um Tip Structures) 
Equipment: EV420 (MMS) 
Recipe: Exposure 
Mode: Hard contact (6 µm separation) 
Time: 40sec 
Post-exposure bake: hotplate
0100 C , 1 min without Al ring 
Development: RD-6 15 sec 
Rinse with DI Water and dry w/ N-gun 
 
1.3 Hard Bake 
Equipment: Hot Plate  
Recipe: 120 °C for 10 min with an Al ring 
 
1.4 Oxygen Plasma   
Equipment: March Jupiter RIE (MMS)  
Recipe: O2 Plasma, 100 W, 1 min 
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1.5 Topside Silicon Etch (Anisotropic) 
Equipment: ICP-DRIE (MMS) 
Recipe: Program Name: Bosch-1 
Estimated Number of Cycles = 8 to 9 
Etch thickness: 1.7 µm to 2.3 µm 
Comments: Use profilometer to check etch depth 
 
1.6 Wafer clean (Acetone) 
Equipment: Solvent Bench  
Recipe: Acetone, Time = 10 min 
Rinse with DI water and dry with N-gun 
 
1.7 Piranha Clean 
Equipment: Acid Bench  
Recipe: Piranha Solution (H2SO4:H2O2 : 70%:30%) 
Temperature:  120oC, Time = 10 min 
Rinse with DI water and dry with N-gun 
 
1.8 Topside Silicon Etch (Isotropic) 
Equipment: Wet Bench - HNA  
Recipe: HNA - 2%, HF, 3% CH3COOH, 95% HNO3 
Time: ~6 min  
Estimated Etch Rate = ~0.15 µm/min 
 
1.9 Oxidation Sharpen (Dry) 
Equipment: Oxidation Furnace (MMS) 
Recipe: Furnace - 1000 °C, 15 Hours, Gas: O2, flow rate: 6 sccm 
Expected thickness = ~0.3 μm 
 
1.10 Isotropic Silicon Dioxide Wet Etch 
Equipment: Wet Bench  
Recipe: BOE dip around 3.5 min 
 Note: Surface will change from hydrophilic to hydrophobic 
 
1.11 Tip Sharpness Check 
Equipment: Hitachi SEM 4800 (MNTL) 
Recipe: Measure tip curvature (if tips are blunt, go back to 1.9) 
 
2. Cantilever formation 
 
2.1 Spin photoresist (NR71-1500P) 
Equipment: Spinner  
Recipe: dehydration bake 
Spin NR7-1500P at 1000rpm for 40sec (acceleration 100rpm/sec) 
Softbake: 150°C for 135 sec with ring 
Thickness = ~2.7 μm 
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2.2 Photolithography of Mask #2 (Beam Structure) 
Equipment: EV420 (MMS) 
Mode: hard contact 
Expose: 24 sec 
Post-exposure bake: 100°C for 1 min without ring 
Development: RD-6, 75 sec  
Rinse with DI Water and dry w/ N-gun 
 
2.3 Hard Bake 
Equipment: Hot Plate  
Recipe: 120 °C for 10 min with Al ring 
 
2.4 Topside Silicon Etch (Anisotropic) 
Equipment: ICP-DRIE (MMS) 
Recipe: Program Name: Bosch-1 
Estimated Number of Cycles = 12 
Note: The oxide layer will become exposed is viewable from the top window 
 
2.5 Wafer clean (Acetone soaked) 
Equipment: Solvent Bench  
Recipe:  soaked in Acetone,  Time = 10 min 
Rinse with DI water and dry with N-gun 
 
2.6 Piranha Clean 
Equipment: Wet Bench (MMS) 
Recipe: Piranha Solution (H2SO4:H2O2 : 70%:30%) at 120°C 
Time: 10 min 
Rinse with DI water and dry with N-gun 
 
3. Implantation (low dosage) 
 
3.1 Spin photoresist (Shipley 1827) 
Equipment: Spinner (MMS) 
Recipe: dehydration bake  
Spin Shipley 1827 at 3000 rpm for 45sec (acceleration 300rpm/sec) 
Softbake: hotplate 120°C for 2 min with ring 
Thickness = ~3 μm 
 
3.2 Photolithography of Mask #3 (Low Dose Implantation) 
Equipment: EV420 (MMS) 
Recipe: Hard contact mode 
Expose: 20 sec 
Development: MF319, around 55 sec 
Rinse with DI Water and dry w/ N-gun 
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3.3 Hard Bake 
Equipment: Hot Plate (MMS) 
Recipe: 120 °C for 25 min with ring 
 
3.4 Ion Implantation of Entire Beam (low dosage) 
Equipment: Outside Vendor - Core Systems, CA  
Recipe: Phosphorus / 9.7e11 atoms/cm2 / 200 KeV / tilt 7° 
 
3.5 Photoresist stripping 
Equipment: Solvent Bench (MMS) 
Recipe: soak in Acetone for 10min 
 
3.6 Piranha Clean 
Equipment: Acid Bench (MMS) 
Recipe: Piranha Solution (H2SO4:H2O2 : 70%:30%) 
Time:10 min 
Rinse with DI water and dry with N-gun 
 
3.7 Oxide Deposition 
Equipment: PlasmaLab PECVD (MNTL) 
Recipe: high deposition rate 
Thickness: 300nm 
Time: 12 min 
 
3.8 Diffusion 
Equipment: Anneal Furnace (MMS) 
Recipe: Furnace - 1000 °C, 0.5 Hour 
N2 flow at 2 sccm 
 
3.9 BOE 
Equipment: Wet Bench  
Recipe: BOE 
Time: ~3min (until oxide is fully removed, check the edge surface change from 
hydrophilic to hydrophobic, then give 30 sec more) 
 
4. Implantation (high dosage) 
 
4.1 Shipley 1827 
Equipment: Spinner  
Recipe: dehydration bake  
Spin Shipley 1827 at 3000rpm for 45sec (acceleration 300rpm/sec) 
Softbake: hotplate 120°C for 2 min with Al ring 
Thickness = ~3μm 
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4.2 Photolithography of Mask #4 (High Dose Implantation) 
Equipment: EV420 (MMS) 
Recipe: Exposure 
Hard contact mode 
Expose: around 20 sec 
Development: MF319, around 55sec 
Rinse with DI Water and dry w/ N-gun 
 
4.3 Hard Bake 
Equipment: Hot Plate  
Recipe: 120 °C for 25 min with ring 
 
4.4 Ion Implantation (high dosage) 
Equipment: Outside Vendor - Core Systems, CA 
Recipe: Phosphorus / 2.51e16 atoms/cm2 / 200 keV / 45° tilt  
/Orientation 180° 
 
4.5 Photoresist stripping (acetone soaking) 
Equipment: solvent bench 
Recipe: soak the wafer in Acetone at room temperature, overnight 
Followed by ultra-sonication for less than 10 seconds at the 3rd power setting  
 
4.6 Photoresist striping (Piranha Clean) 
Equipment: Acid Bench 
Recipe: Piranha Solution (H2SO4:H2O2 : 70%:30%) at 120°C 
Time:10 min 
Rinse with DI water and dry with N-gun 
 
4.7 Photoresist striping (Oxygen Plasma) 
Equipment: Axic RIE (MMS) 
Recipe: Program Name: ztdai_O2 
Time: 10 min  
 
4.8 Oxide Deposition 
Equipment: PlasmaLab PECVD (MNTL) 
Recipe: high deposition rate 
Thickness: 300nm 
Time: 12 min 
 
4.9 Diffusion 
Equipment: Anneal Furnace (MMS) 
Recipe: Temperature = 1000°C 
N2 flow at 2 sccm Time = 2 hr 
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5. Via and Metallization 
 
5.1 Shipley 1827 
Equipment: Spinner (MMS) 
Recipe: dehydration bake  
Spin Shipley 1827 at 3000rpm for 45sec (acceleration 300rpm/sec) 
Softbake: hotplate 120°C for 2 min with Al ring 
Thickness = ~3 μm 
 
5.2 Photolithography of Mask #5 (Open Vias for Metal Contact) 
Equipment: EV420 (MMS) 
Recipe: Exposure 
Hard Contact (6 μm separation) 
Expose: 20 sec 
Development: MF319, around 55 sec 
Rinse with DI Water and dry w/ N-gun 
 
5.3 Hard Bake 
Equipment: Hot Plate 
Recipe: 110 °C for 10 min with ring 
 
5.4 Topside Oxide Etch 
Equipment: Freon RIE (MNTL) 
Recipe: CF4 
Etch Depth Needed = 300 nm 
Time: 18 min 
 
5.5 BOE dip 
Equipment: Acid hood (MMS) 
Recipe: BOE dip for 30 sec 
 
5.6 Photoresist stripping 
Equipment: Solvent Bench (MMS) 
Recipe: soak in Acetone for 10min 
 
5.7 Piranha Clean 
Equipment: Acid Bench (MMS) 
Recipe: Piranha Solution (H2SO4:H2O2 : 70%:30%) at 120°C 
Time: 10 min 
Rinse with DI water and dry with N-gun 
 
5.8 BOE Dip 
Equipment: Acid Bench 
Recipe: BOE 
Time: 15 sec 
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5.9 Topside Chromium/Gold Deposition (Sputtering) 
Equipment: AJA Sputterer (MNMS) 
Recipe: 10 nm Cr, 250 nm Au, 5.0E-3 Torr, Argon 
Time: 55 sec for Cr, 10:52 min:sec for Au 
 
5.10 Spin Shipley 1827 
Equipment: Spinner (MMS) 
Recipe: dehydration bake 
Spin Shipley 1827 at 3000 rpm for 45sec (acceleration 300 rpm/sec) 
Softbake: hotplate 120°C for 2 min with Al ring 
Thickness = ~3 μm 
 
5.11 Photolithography of Mask #6 (pattern Au/Cr) 
Equipment: EV420 (MMS) 
Recipe: Exposure 
Hard contact mode  
Expose: 35 sec 
Development: MF319 around 70sec 
Rinse with DI Water and dry w/ N-gun 
Note: 4X or 10X lens, this step needs to be over-exposed 
 
5.12 Hard Bake 
Equipment: Hot Plate 
Recipe: 110 °C for 10 min  
 
5.13 Chromium/Gold Etch 
Equipment: Acid Bench 
Recipe: Cr Etchant CEP-200, Au Etchant type TFA, room temp 
Estimated Etch Rate = 28 Å/min for Au 
Time: ~30 sec for Cr, 2:30 min:sec for Au 
Note: The shiny Au/Cr will be removed, and the color (blue) of the SiO2 will be visible. 
For both, after fully etched, etch for 15 more sec. 
 
5.14 Photoresist Striping 
Equipment: Solvent Bench (MMS) 
Recipe: Soak in Acetone for 10 min 
 
5.15 Oxygen Plasma  
Equipment: Axic RIE (MMS) 
Recipe: ztdai_O2 
Time: 3 min 
 
5.16 Check Device Resistance with Multimeter 
Note: the resistance the HR cantilever around 16 KOhms 
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5.17 Sintering  
Equipment: Vacuum Annealer (MMS) 
Recipe: Temperature = 400°C Time = 0.5 hr 
 
5.18 Oxide Deposition 
Equipment: Plasma PECVD (MNTL) 
Recipe: High deposition rate 
Oxide thickness = 400 nm 
Time: 16min 
Note: this layer of Oxide just to keep the final device clean 
 
6. Cantilever Release 
 
6.1 Apply Thick Photoresist (PR) to Topside 
Equipment: Spinner (MMS) 
Recipe: dehydration bake  
Spin Shipley 1827 at 3000rpm for 45 sec (acceleration 300 rpm/sec) 
Softbake: hotplate 120°C for 2 min with Al ring 
Thickness = ~3 μm 
 
6.2 Hard Bake 
Equipment: Hot Plate 3.2.5 
Recipe: 110 °C for 10 min 
 
6.3 BOE Dip 
Equipment: Acid Bench (MMS) 
Recipe: BOE 
Time: 10 sec, until oxide on the back side is fully removed 
 
6.4 Cleave Wafer 
Equipment: Work Bench 
Recipe: Cleave wafer into 4 quadrants 
 
6.5 Apply Thick Photoresist (PR) to Bottomside 
Equipment: Spinner (MMS) 
Recipe:  dehydration bake 
Spin NR5-8000 at 1000rpm for 40 sec (acceleration 200 rpm/sec) 
Softbake: 150°C for 6min 
Thickness = ~ 17 μm 
Note: Cover the hotplate with aluminum foil to avoid leaving photoresist residue on the 
hotplate. Cool down on Alphawipe before exposed in EV420 
Note: Move around the quarter with tweezer to reduce the overall temperature and time 
of the bake 
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6.6 Photolithography of Mask #7 (Backside Openings) 
Equipment: EV420 MMS) 
Recipe: Exposure 
Hard Contact Mode or proximity mode (50 um of separation) 
Time: 30 sec 
Post exposure bake: 100°C for 2 min 
Development: RD-6, around 70 sec 
Rinse with DI Water and dry w/ N-gun 
Note: use default backside alignment lens  
 
6.7 Hard Bake 
Equipment: Hot Plate (covered with Al foil) 
Recipe: 120 °C for 10 min 
 
6.8 Apply Thick Photoresist (PR) to Topside of Carrier Wafer 
Equipment: Spinner (MMS) 
Recipe:  dehydration bake 
Spin NR5-8000 at 1000 rpm for 40sec (acceleration 200rpm/sec) 
 
6.9 Attach 1/4 Wafer to Carrier Wafer 
Equipment: By Hand  
Recipe: N/A 
 
6.10 Hard Bake 
Equipment: Hot Plate (MMS) 
Recipe: 120 °C for 5 min, edge bead removal by hand, 140 °C for 30 min directly on 
hotplate  
 
6.11 Backside Silicon Etch 
Equipment: ICP-DRIE (MMS) 
Recipe: Bosch-1 
Estimated Number of Cycles = 750 
Estimated Etch rate: .55 µm / 1 Bosch step 
Note: you will see the cantilever structure from the etched trench, the 1 μm um thick box 
SiO2 layer is transparent 
Note: Look at the “tabs” that hold the cantilever in place to determine when to stop the 
etch. 
 
6.12 Soak to Separate Wafers 
Equipment: Wet Bench  
Recipe: Photoresist Stripper 1165 at 80°C 
Time: overnight 
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6.13 Wafer clean  
Equipment: Acid Bench (MMS) 
Recipe: Piranha Solution (H2SO4:H2O2 : 70%:30%) 
Temperature: 120C° Time = 5 sec 
Rinse in DI water and change DI water 5 times, then dry on a hot plate at 110C°. After 
this step, do not clean with DI water gun and dry the wafer with N2 gun. 
 
6.14 HF Dip 
Equipment: Wet Bench 3.2.5 
Recipe: HF 49% 
Box oxide Thickness = 0.4 μm Time = ~15 sec 
Rinse in DI water and change DI water 5 times, then dry on a hot plate at 110C° 
Note: check devices under optical microscope to see cantilevers are not bending, use 
multi-meter to check device resistance. 
Note: Alternative recipe using PAD etch for ~15 minutes  
 
6.14 Device final check (SEM) 
Equipment: Hitachi SEM S4800 (MNTL) 
Recipe: N/A 
Final check 
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